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EXISTENCE OF THE PARTICLE
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Recent experiments by Abashian, Booth, and
Crowe' on the p-d reaction have been interpreted
as an indication of the existence of an e' particle
(boson) having an isotopic spin of I = 0 or I= 1

(probably the former), a mass in the neighbor-
hood of 305 Mev, and a rather long lifetime for
decay into pions (width less than 16 Mev). It has
already been remarked' that such a state of the
two-pion system appears to be inconsistent with
the pion energy distribution in 7 decay. %e would
like to point out that the existence of either a two-
pion or a (bound) three-pion state' of angular
momentum J= 0 or J=1 at this energy would ap-
pear to be inconsistent with observations on the
K -decay modes. The point is that the decay
process

could occur and would have the appearance of an
anomalous (2m) decay mode of the K+ when the &u'

decayed into neutral particles (such as a v' and

y). Estimates of the branching ratio for this
process which are given below indicate that it
is of the same order or larger than the branch-
ing ratio for Ke3 decay; hence it should have
been readily detected and has not been.

In order to estimate the branching ratio for
process (1), we first assume that the uP has
spin 0 so that the decay into an S state is al-
lowed. Since I bIl = -', is possible for (1), the
process is very similar to the 2p decay mode
of the neutral K meson. If it is assumed that
the coupling is about the same for the two modes,
the ratio may be estimated on the basis of the
available phase space:

(2)

where W is the transition probability and q, p
are the magnitudes of the momenta of the v' and
w, respectively. Equation (2) indicates that the
K+ lifetime would be nearly as short as the Ky'
lifetime, which is quite clearly contrary to the
observations. Since the lifetime ratio is about
100 and the branching ratio for the anomalous
mode of the K+ is presumably much less than
10%, the above estimate would need to be in
error by a factor of at least 10' to permit the
existence of the spin-0 state. Although the esti-

mate is crude, it does not seem likely that the
errors are so large as that.

If the v has a spin of 1, the final state in re-
action (1) is a P state and the centrifugal barrier
may reduce the ratio from the value given by
Eq. (2). In order to estimate the effect of the
barrier, it is necessary to introduce a range
&p p for the interaction in the decay. %e then
find

where m~, m, and mz are the masses of the
indicated particles.

Ogawa has demonstrated that an interaction
range corresponding to A. = &~+ is suggested by
the branching ratios for nonleptonic decay of the
strange particles. However, even if we are much
more conservative and take A, =M, the nucleon
mass, the ratio Eq. (3) becomes 10 ' which is
still much too large to have escaped detection.

Because in the case that ~' has spin 1 the above
comparison involves the relationship between a
scalar (for the z) and vector (for the e) coup-
ling, it is desirable to make an estimate on an
entirely different basis. Since the weak electron-
neutrino current is a vector current, we have
estimated the ratio of the rate of (1) to the Ks3
decay rate on the basis of the diagrams shown
in Fig. 1. The bubble in the e' line of Fig. 1(b)
is taken to be a nucleon-antinucleon bubble and
the weak coupling of this bubble to the black box
is assumed to have the same form as the leptonic
coupling. In this way we find

W(K+ - z+ + &o) =7.5&10'w(5m /m )'
W K+ —m'+e++ v (d

x(q/ K) (G /4 ) (f/f )', (4)

where 5m~ is the mass shift of the ~' due to the
nucleon bubble, t" is the strong coupling between

where e& is the polarization vector of the ~' and

K& the four-momentum of the K+. After sum-
ming over directions of polarization, we find

W(K+ -~'+ ~+)
W(K '-m++m )

=(gyes /m ) (q/p)(q/m ) =0.5(m /X)',
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FIG. 1. Diagrams of the related processes for E+
decay. The loop in Fig. 1(b) is a nucleon-antinucleon
loop.

the u&' and nucleons, and f and f ' are the weak-
coupling constants for nucleons and leptons, re-
spectively. An estimate of G has been given by
Sakurai' on the assumption that a neutral vector
boson is responsible for the spin-orbit force in
P-P scattering. The value obtained in this way
depends on the mass of the boson. By extra-
polating his results as a function of the mass to
the value m~, we estimate G'/4p =2. To obtain
Gnat~, we make a Goldberger-Treiman' type of
analysis of the matrix element of the weak inter-
action current of the v, including just nucleon-
antinucleon states. The result is 5m~'=m~'.
Then Eq. (4) becomes

w(K+ -m+ + ~')
W(If'+ -w'+ s++ v)

(5)

We may take f =f ' although there is some reason
to believe' that (f /f ')' is larger than one. Thus,
we find that the anomalous decay mode should be
competitive with the Ke3 mode, which again is
much too large a rate. Since Fig. 1(b) describes
only one of the possible decay mechanisms, it

seems likely that the estimate given by Eq. (5)
is quite conservative.

While we recognize that arguments of the kind
presented here are subject to some doubt, they
certainly suggest' that there does not exist an

particle composed of pions and having the
mass observed in the experiment of Abashian
et al. '

However, these arguments do leave open the
following possibilities:

(1) An v' state of the pions exists but has a
spin greater than 1.

(2) An u' particle with spin 0 or 1 exists but
its interactions with pions are not very strong.

(3) The observed effect is merely a manifesta-
tion of a normal energy dependence of the matrix
element, as suggested by Tubis and Uretsky'
and by Greider. "

A careful examination of the energy spectrum
of the charged pion in (apparent) 7' decay would
be of interest in this connection since the proc-
ess (1) would cause a narrow line to be super-
imposed on this spectrum.
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